Aims: To evaluate 0.75 mg of dulaglutide, a once-weekly glucagon-like peptide-1 receptor agonist, compared with once-daily insulin glargine for glycaemic control in Japanese patients with type 2 diabetes (T2D).
Introduction
Glucagon-like peptide-1 (GLP-1) is an endogenous incretin hormone that is rapidly secreted by intestinal L-cells in response to food ingestion. GLP-1 stimulates postprandial insulin secretion, inhibits glucagon secretion and slows gastric emptying [1] . The acute administration of GLP-1 induces satiety and reduces food intake in subjects with and without diabetes [2, 3] . Several GLP-1 receptor agonists have been developed or are in development for the treatment of type 2 diabetes (T2D) [4] [5] [6] . As of February 2015, four GLP-1 receptor agonists (liraglutide [7] , exenatide twice daily and once weekly [8, 9] , and lixisenatide [10] ) have been launched in Japan.
Dulaglutide is a long-acting GLP-1 receptor agonist that mimics some of the effects of endogenous GLP-1; it has been approved in the USA and the European Union at once-weekly doses of 0.75 and 1.5 mg as a subcutaneous injection to improve glycaemic control in patients with T2D [11, 12] . Dulaglutide 0.75 mg has been approved in Japan for the treatment of T2D. Dulaglutide has been modified to render the molecule more stable against dipeptidyl peptidase-4 inactivation, to increase the solubility of the peptide, to reduce immunogenic potential and to increase the duration of its pharmacological activity [13] . In global clinical trials completed to date, dulaglutide 1.5 mg has shown superiority to metformin, sitagliptin, insulin glargine and exenatide twice daily and non-inferiority to liraglutide in glycated haemoglobin (HbA1c) changes, and has been associated with reductions in body weight in patients with T2D [14] [15] [16] [17] [18] . Also, in a phase II study in Japanese patients, dulaglutide showed dose-dependent HbA1c reductions in doses up to 0.75 mg, with an acceptable safety profile [19] .
Injectable antihyperglycaemic medications, such as insulin and GLP-1 receptor agonists, are used for patients whose T2D is inadequately controlled with oral antihyperglycaemics; basal insulin is a treatment option for second-or third-line therapy [20, 21] ; therefore, this study compared once-weekly dulaglutide and once-daily basal insulin therapy in Japanese patients who were inadequately controlled by sulphonylureas and/or biguanides.
Materials and Methods

Study Design and Patients
This study was a 26-week, randomized, open-label, parallel-group, multicentre, phase III, non-inferiority study, comparing the efficacy and safety of once-weekly dulaglutide 0.75 mg with once-daily insulin glargine in Japanese patients with T2D inadequately controlled with monotherapy or dual therapy of oral antihyperglycaemic drugs (sulphonylureas and/or biguanides). The study had four periods: screening (2 weeks), lead-in (2 weeks), randomization (at week 0), immediately followed by treatment (26 weeks), and safety follow-up (30 days). Patients who discontinued the study before the end of the treatment period had an early termination visit. All patients were to return 30 days after the end of treatment for a final safety follow-up visit. The study was conducted from June 2012 to July 2013 at 35 sites in Japan and was registered at ClinicalTrials.gov (NCT01584232).
Japanese men and women with T2D, aged ≥20 years, with a body mass index (BMI) ≥18.5 and <35.0 kg/m 2 and HbA1c at screening ≥7.0 and ≤10.0%, who were taking stable doses of sulphonylureas (2.5-5 mg of glibenclamide, 60-80 mg of gliclazide, or 2-3 mg of glimepiride) and/or biguanides (750-1500 mg of metformin or 100-150 mg of buformin) were randomized. Key exclusion criteria included: patients with type 1 diabetes; patients previously treated with any GLP-1 receptor agonist; patients who had received therapy with an -glucosidase inhibitor, thiazolidinedione, glinide or dipeptidyl peptidase-4 inhibitor, or insulin within 3 months before screening; patients undergoing chronic systemic glucocorticoid therapy; and patients who had a clinically significant gastric emptying abnormality, cardiovascular disease, liver disease, renal disease, active or untreated malignancy, poorly controlled hypertension, a history of chronic or acute pancreatitis, obvious clinical signs or symptoms of pancreatitis, or a self or family history of medullary C-cell hyperplasia, focal hyperplasia or medullary thyroid carcinoma.
A common protocol was approved at each site by an institutional review board; the study was performed in accordance with the principles of the Declaration of Helsinki and Good Clinical Practice. Before participation, all patients provided written informed consent [22] .
Randomization and Study Treatments
Patients were randomized in a 1 : 1 ratio to receive subcutaneous injections of once-weekly dulaglutide 0.75 mg or once-daily glargine according to a computer-generated random sequence with an interactive voice response system. Randomization was stratified by concomitant antihyperglycaemic regimen (sulphonylureas only, biguanides only, or sulphonylurea and biguanide), BMI group at baseline (<25 and ≥25 kg/m 2 ) and screening HbA1c [≤8.5 and >8.5% (≤69 and >69 mmol/mol)]. An open-label design was used, and patients, investigators and site staff were not masked to treatment allocation.
Dulaglutide was administered once weekly, and glargine was administered once daily at bedtime, both by subcutaneous injection. The dose of dulaglutide (0.75 mg/week) was selected based on a phase II study conducted in Japan [19] . The guideline for initiation and titration of glargine doses was modified for Japanese patients based on the ATLAS study [23] ( Table S1) , with an initial dose of glargine between 4.0 and 8.0 IU and a fasting serum glucose (FSG) target of ≤6.1 mmol/l for investigator-driven adjustments. Glargine doses were to be adjusted once a week based on the average of self-monitored fasting blood glucose values over the previous 3 days. Dose adjustments were to be made as needed once weekly for up to 8 weeks; adjustments at later times were allowed if needed for further optimization of glycaemic control, based on the investigators' discretion. Patients continued their sulphonylureas and/or biguanides at the baseline dose throughout the study; the dose of sulphonylurea may have been reduced if daytime hypoglycaemia was observed. The use of other, additional antihyperglycaemic medications was prohibited during the study period while patients continued on study medication.
In certain instances, patients were allowed to continue in the study without study medication on an alternative antihyperglycaemic medication for collection of safety data (for example, patients who developed serious adverse events or sustained hyperglycaemia, as prespecified in the study protocol). Sustained hyperglycaemia was defined as self-monitored fasting blood glucose >15.0 mmol/l (weeks 2-8) or >13.3 mmol/l (weeks [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . Patients who experienced sustained hyperglycaemia (≥3 times per week) for at least 2 weeks were to be discontinued from study treatment.
Study Endpoints and Assessments
The primary efficacy measure was change from baseline in HbA1c at 26 weeks. Additional measures included percentages of patients achieving HbA1c targets of <7.0% (53 mmol/mol) or ≤6.5% (48 mmol/mol) and changes in FSG (central laboratory measure), eight-point self-monitored blood glucose (SMBG) profiles, and body weight. The eight time points for the SMBG profiles were before and 2 h after each meal (breakfast, lunch and dinner), at bedtime and before breakfast the following morning ('second pre-breakfast' value). Safety assessments included adverse events, vital signs (pulse rate and blood pressure, ECGs), laboratory variables and dulaglutide antidrug antibodies. Data on vital signs were collected at each visit using standardized equipment; triplicate measurements in the supine, sitting and standing positions were to be recorded, in that order. The data in sitting position, which are most commonly used in clinical practice, are shown in the results. ECG data were read by a central vendor for reporting purposes. Hypoglycaemia was defined as a blood glucose concentration of ≤3.9 mmol/l and/or symptoms and/or signs attributable to hypoglycaemia.
Severe hypoglycaemia was defined as an episode requiring the assistance of another person to actively administer therapy [24] .
An independent external committee adjudicated deaths and non-fatal cardiovascular adverse events in a masked manner, with prespecified event criteria based on the preponderance of evidence and clinical knowledge and experience. An independent external committee also adjudicated adverse events of severe or serious abdominal pain, suspected or definite acute or chronic pancreatitis, and lipase or amylase concentrations of 3 × the upper limit of normal (ULN) or higher. Serum calcitonin was measured throughout the study.
Statistical Analyses
Assuming no difference in HbA1c between dulaglutide and glargine and an 11% drop-out from baseline to week 26, it was estimated that a sample size of 360 randomized patients (180 per arm) would provide 90% power to show non-inferiority (margin of 0.4%) of dulaglutide to glargine, with common standard deviation (s.d.) of 1.1% for change in baseline HbA1c and a one-sided 0.025 significance level.
The primary objective was non-inferiority of dulaglutide to glargine for HbA1c change from baseline at week 26. The primary efficacy analysis mixed-model repeated measures included treatment, antihyperglycaemic regimen (sulphonylureas, biguanides or sulphonylureas and biguanides), baseline BMI group (<25 or ≥25 kg/m 2 ), visit and treatment-by-visit interaction as fixed effects, baseline as a covariate and patient as a random effect. The 95% confidence interval (CI) for the treatment difference (dulaglutide − glargine) of the least-squares (LS) means at week 26 based on this model was used to assess the primary objective. If the upper limit of the 95% CI was <0.4%, then non-inferiority of dulaglutide to glargine was to be concluded. Superiority of dulaglutide to glargine was to be tested if and only if non-inferiority was concluded. Type I error rate was controlled at 0.025 (one-sided). A mixed-model repeated measures was used for FSG and body weight. The percentage of patients achieving HbA1c targets was analysed with a repeated logistic regression model with fixed effects of treatment, antihyperglycaemic regimen, baseline BMI group, visit, treatment-by-visit interaction and baseline HbA1c as a covariate. Analysis of covariance with last observation carried forward (LOCF) was used for SMBG and vital signs. Hypoglycaemia rates were analysed with a generalized estimating equation model with negative binomial distribution. The percentage of patients with adverse events was analysed using Fisher's exact test. For laboratory data, an analysis of variance on ranks, with treatment as a fixed effect was conducted. The two-sided significance level for treatment comparisons was 0.05.
Efficacy analyses were conducted on the full analysis set (all randomized patients who received at least one dose of study drug). Safety analyses were conducted on the as-treated population, according to the patients' actual treatments (safety analysis set). For the assessment of efficacy and hypoglycaemia events, only data obtained before the initiation of other antihyperglycaemic medication were used. For the assessment of safety, only data obtained while the patient was on study treatment were used.
Results
Patients
Of 438 patients screened, 361 (dulaglutide, n = 181; glargine, n = 180) were randomized to treatment; 348 completed treatment with study medication and 13 discontinued study medication because of an adverse event (dulaglutide, n = 6; glargine, n = 2), patient decision (dulaglutide, n = 1; glargine, n = 1), investigator decision (dulaglutide, n = 1; glargine, n = 1) or protocol violation (dulaglutide, n = 1; Figure S1 ). Two patients who discontinued study medication later completed the study. Eleven patients discontinued the study as a result of: an adverse event (dulaglutide, n = 3; glargine, n = 1); patient decision (dulaglutide, n = 2; glargine, n = 1); loss to follow-up (dulaglutide, n = 1); or investigator decision (dulaglutide, n = 2; glargine, n = 1).
Patient characteristics were similar between the groups ( Table 1 ). The mean (s.d.) daily glargine dose was 5.0 IU (0.07 IU/kg) at time of first injection and 12.5 IU (0.17 IU/kg) at endpoint. The most frequent pre-existing conditions at baseline overall were hypertension (54.8%), dyslipidaemia (43.2%), and hepatic steatosis (25.2%). In the dulaglutide and glargine groups, 13/117 (11.1%) and 11/114 (9.6%) patients, respectively, decreased their concomitant sulphonylurea dose from baseline as a result of hypoglycaemia. One patient in the dulaglutide group discontinued concomitant sulphonylurea as a result of hypoglycaemia. Dosing of concomitant sulphonylureas and biguanides at baseline and week 26 was shown in Table S2 .
Efficacy
Both dulaglutide and glargine significantly reduced HbA1c from baseline ( Table 2 ). The LS mean reduction in HbA1c with dulaglutide was non-inferior and superior to that achieved by glargine, with a between-group difference in HbA1c reduction from baseline of −0.54% (95% CI −0.67, −0.41) or −5.90 mmol/mol (95% CI −7.32, −4.48); p < 0.001. Dulaglutide significantly reduced HbA1c from baseline compared with glargine at weeks 8, 14, 20 and 26 (all p < 0.001; Figure 1A ). At week 26 (LOCF), significantly greater percentages of patients on dulaglutide achieved HbA1c targets of <7.0% (53 mmol/mol) or ≤6.5% (48 mmol/mol) compared with glargine [127/178 (71%) versus 82/179 (46%); p < 0.001 and 91/178 (51%) versus 43/179 (24%); p < 0.001, respectively].
Reductions from baseline in FSG were similar in both treatment groups at weeks 14 and 26 ( Figure 1B) . The LS mean [standard error (s.e.)] changes from baseline in FSG at week 26 were −1.9 (0.11) and −2.1 (0.11) mmol/l for the dulaglutide and glargine groups, respectively (Table 2) . Dulaglutide significantly reduced SMBG values from baseline compared with glargine for all time points (p < 0.05) except for pre-breakfast and pre-breakfast the following day (second pre-breakfast), which were significantly reduced from baseline in the glargine group compared with dulaglutide (p < 0.05; Table S3 ). The mean eight-point SMBG profiles by treatment at baseline and week 26 (LOCF) are shown in Figure 2 .
Body weight was decreased from baseline in the dulaglutide group and increased from baseline in the glargine group ( Figure 1C ). The LS mean difference in body weight change from baseline at week 26 was −1.42 kg (95% CI −1.89, −0.94; p < 0.001; Table 2 ).
Safety
No deaths occurred during the study (Table 3) . A total of 12 (3%) patients [dulaglutide, n = 9 (5%); glargine, n = 3 (2%); p = 0.14] experienced at least one serious adverse event during the treatment period (Table S3 ). The four most frequently reported treatment-emergent adverse events which occurred more frequently with dulaglutide than glargine were diarrhoea, nausea, constipation and lipase level increase (all p < 0.05; Table 3 ). Although 1 patient discontinued dulaglutide treatment because of an adverse event of vomiting, all gastrointestinal adverse events of diarrhoea, nausea, constipation and vomiting were mild in intensity. Besides the vomiting event mentioned previously, other adverse events resulting in discontinuation of study treatment were acute myocardial infarction, cerebral infarction, eczema, liver carcinoma ruptured and decrease in weight (in the dulaglutide group) and eczema and seventh nerve paralysis (in the glargine group). Hypoglycaemia occurred in 47 (26%) patients receiving dulaglutide and 86 (48%) patients receiving glargine Seven cardiovascular adverse events [dulaglutide group, 5 (cerebral infarction, 2; acute myocardial infarction, 1; percutaneous coronary intervention, 1; and angina pectoris, 1); glargine group, 2 (spinal cord infarction and intracranial aneurysm)] were adjudicated by an independent committee. All cases were confirmed by adjudication. Dulaglutide significantly increased mean seated pulse rate and ECG PR interval from baseline at week 26 (LOCF) compared with glargine (Table 3) .
At week 26, treatment with dulaglutide significantly increased total amylase and lipase compared with glargine (p < 0.001; Table 3 ). A significantly greater proportion of patients in the dulaglutide group had treatment-emergent postbaseline lipase levels above the ULN compared with the glargine group (dulaglutide, 26%; glargine, 4%; p < 0.001). A total of 7 patients [dulaglutide, n = 6 (3.4%); glargine, n = 1 (0.6%)] had post-baseline lipase levels 3 × ULN or higher. None of these patients experienced abdominal pain typical of acute pancreatitis, and the elevated value decreased below 3 × ULN while the patients continued on study medication. No cases of pancreatitis were confirmed by adjudication.
There were no treatment-emergent reports of thyroid neoplasm, including C-cell hyperplasia or medullary thyroid carcinoma. All patients had calcitonin values within normal limits. No other clinically significant changes were detected for any other laboratory safety assessment.
One patient (0.6%) in the dulaglutide group experienced treatment-emergent dulaglutide antidrug antibodies (Table 3) . Few patients [dulaglutide, n = 3 (1.7%); glargine, n = 1 (0.6%)] had injection-site reactions.
Discussion
In the present study, once-weekly dulaglutide was superior to once-daily glargine as measured by HbA1c reduction at 26 weeks in Japanese patients with T2D. This finding is consistent with those reported in previous studies that compared efficacy and safety between GLP-1 receptor agonists and glargine: non-inferiority to once-daily glargine with respect to change in HbA1c was shown in global phase III studies for exenatide twice daily [25] , taspoglutide [26] and albiglutide [27] . Also, greater HbA1c reduction compared with glargine was observed in the phase III studies for liraglutide (global) [28] and exenatide once weekly (Japan) [29] . In addition to the finding of glycaemic superiority for dulaglutide compared with glargine in this study, treatment with dulaglutide resulted in weight loss and fewer hypoglycaemic events compared with glargine.
When evaluating the efficacy of insulin formulations, dosing algorithms are an important factor. In this study, glargine dosing was adjusted based on targeting FSG ≤6.1 mmol/l. Although the mean FSG at endpoint (week 26) in the glargine group (6.6 mmol/l) was higher than the target, this was similar to the average seen in treat-to-target glargine studies (6.7 mmol/l) [30] . The mean HbA1c at endpoint in the glargine group (7.1%) was also similar to the average seen in treat-to-target glargine studies [30] . The mean dose of glargine at endpoint in this study was 12.5 IU/day. This was lower than the average daily dose in Western populations, but similar to the average dose in the Japanese population (10-15 IU/day) reported in previous clinical studies and post-marketing surveillance reports for glargine [29, 31, 32] . As further evidence of active glargine titration, the incidence of hypoglycaemia (48%) in the glargine group in the present study was similar to the incidence (54%) reported in a review article for incidence of hypoglycaemia in a treat-to-target study of insulin glargine [33] . In patients on dulaglutide in the present study, the HbA1c reduction from baseline at 26 weeks was −1.44% (−15.74 mmol/mol), and the percentage of patients achieving the HbA1c target of <7.0% (53 mmol/mol) was 71%. These results were similar to those observed in the phase II monotherapy study in Japanese patients [19] . At week 12 in that study, treatment with dulaglutide 0.75 mg resulted in an HbA1c change from baseline of −1.35% (−14.76 mmol/mol), and 77% of patients achieved the HbA1c target of <7.0% (53 mmol/mol). These consistent effects on glycaemic control were also observed in the dulaglutide global phase III AWARD programme (for dulaglutide doses of 0.75 and 1.5 mg) [14] [15] [16] [17] [18] .
In terms of body weight change, reductions from baseline were observed with dulaglutide and increases were observed with glargine. The mean difference at week 26 was −1.4 kg, which was smaller than the mean differences (−2.6 to −4.1 kg) observed in other global phase III trials in which a GLP-1 receptor agonist was directly compared with glargine [25] [26] [27] [28] 34] ; however, this may have been attributable to the leaner body mass (mean body weight at baseline: 71 kg) of the Japanese population in this study, and it is consistent with the mean difference (−2.0 kg) seen in the Japan phase III study for exenatide once-weekly [29] .
Overall, once-weekly dulaglutide was safe and well tolerated, and safety results were consistent with other studies of dulaglutide [14] [15] [16] [17] [18] [19] . The incidences of nausea and diarrhoea in the dulaglutide group in combination with sulphonylurea and/or biguanides were slightly higher (nausea, 9%; diarrhoea, 12%) than those observed in the Japan phase II study investigating dulaglutide as monotherapy (nausea, 6%; diarrhoea, 3% in the 0.75-mg group) [19] ; however, all gastrointestinal adverse events of diarrhoea, nausea, constipation and vomiting were mild in intensity. Several clinical trials of GLP-1 receptor agonists have been conducted in Japan, and the incidence of adverse events can be compared between this study and those studies. The incidence of nausea with dulaglutide 0.75 mg in this study (9%) was slightly higher than that seen with liraglutide 0.9 mg (5%) [35] and was similar to that seen with exenatide 2 mg once weekly (13%) [29] , but was lower than that seen with exenatide 5 or 10 μg twice daily (25-36%) [36] or with lixisenatide 20 μg (25-40%) [37, 38] . Also, the incidence of injection site reactions with dulaglutide 0.75 mg (2%) was similar to that seen with liraglutide 0.9 mg (6%) [39] , exenatide 10 μg twice daily (3%) [40] , and lixisenatide 20 μg (1%) [37] , but was lower than that seen with exenatide 2 mg once weekly (41%) [29] . Consistent with previous reports in the GLP-1 receptor agonist class [18, 41] , elevations in pancreatic enzymes were noted, with no confirmed cases of pancreatitis.
In the present study, dulaglutide increased pulse rate compared with glargine. These increases were similar to those observed in phase III studies of other long-acting GLP-1 receptor agonists, such as liraglutide and exenatide once weekly [40, 42, 43] .
The limitations of the present study include its open-label design, which could have affected physicians' and patients' behaviours; however, it would have been difficult to use a double-blind design because glargine requires titration throughout the study period. The length of the study was fairly short in view of the chronic nature of T2D, but the duration was sufficient for each treatment to reach steady state and the treatment effect to be represented in the primary outcome of HbA1c.
In conclusion, in Japanese patients with T2D who were no longer achieving glycaemic control on sulphonylureas and/or biguanides, once-weekly dulaglutide 0.75 mg was an effective alternative to once-daily insulin glargine for glycaemic control, with weight loss and lower rates of hypoglycaemia.
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